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Title: Sphingolipids for improvement of the composition of the intestinal 
flora 

FIELD OF THE INVENTION 

The invention relates to a method for improving the composition of 
the intestinal flora, to the use of sphingolipids for improving the 
composition of the intestinal flora, to a pharmaceutical preparation and a 
5 food comprising a sphingolipid for improving the composition of the 
intestinal flora and to methods for the preparation thereof. 

BACKGROUND OF THE INVENTION 

Humans and animals regularly fall ill due to microbial infections or 
10 due to a disturbance of their intestinal flora by a, usually foreign, 

* * 

microorganism. In the treatment of such infections, usually, antibiotics are 
used to remove the undesired pathogenic organisms. 

A drawback of the use of antibiotics is that not only the pathogenic 
microorganisms, but also the useful and essential microorganisms in the 

15 • intestinal flora are killed by the antibiotics. The patient is severely troubled 
by this, inter alia by the occurrence of diarrhea, and a period of recovery 
from the intestinal disturbance is necessary. There are only few antibiotics 
that have such a selective activity against undesired microorganisms that 
they can prevent the occurrence of intestinal disturbances when using 

2 0 antibiotics. 

Another drawback of the use of antibiotics is that certain individuals 
exhibit allergic reactions to certain antibiotics, such as penicillin. The 
consequence of this is that those persons are preferably not treated with 
such an antibiotic and that they should avoid contact with such an 
25 antibiotic as much as possible. 
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. Currently, antibiotics are often used in animal feed to reduce the 
metabolism of the intestinal flora and to improve the availability of 
nutrients for the host. In this manner, the meat yield can be increased. 
Further, antibiotics are used to control infections. However, meat from 
5 cattle treated with antibiotic is, for various reasons, not considered suitable 
for human consumption. Also, the milk of dairy cattle treated with antibiotic 
is unsuitable for human consumption. Thus, the use of antibiotics in cattle 
feed is under dispute and there are hardly any alternatives yet. 

0 SUMMARY OF THE INVENTION 

It has now surprisingly been found that a number of types of 
sphingolipids can selectively kill certain undesired bacteria in the intestine 
while other bacterial species are left virtually undisturbed. For instance, 
Clostridium difficile, a common pathogenic bacterium which causes 
diarrhea and is difficult to control by means of antibiotics, is very effectively 
killed by certain sphingolipids while other important and useful bacteria in 
the intestinal flora are left undisturbed. 

The sphingolipids which have this activity can therefore very suitably 
be used in a method for the improvement of the composition of the intestinal 
flora in that certain, undesired bacteria can be killed off by means of the 
method while other bacterial species, which are important for the 
functioning of the intestinal flora, can be left virtually undisturbed or are 
much less inhibited in their growth by means of the method. 

Therefore, in a first aspect, the present invention relates to a method 
for improving the composition of the intestinal flora of a bird or a mammal, 
including a human, comprising administering, to this bird or mammal, a 
food in which one or more sphingolipids chosen from the group consisting of 
phytosphingosine, sphingosine, lysosphingomyelin and sphinganine or a 
precursor, a derivative, or suitable salt thereof are overabundant. 
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In a second aspect, the present invention relates to a food in which 
one or more sphingolipids chosen from the group consisting of 
phytosphingosine, sphingosine, lysosphingomyelin and sphinganine or a 
precursor, a derivative, or suitable salt thereof are overabundant. 
5 Such a food may very suitably be an animal feed and thus forms an 

* > 

important alternative for antibiotics to improve the growth of, for instance, 
breeding cattle. Therefore, on the basis of this invention, sphingolipids form 
an alternative for the use of antibiotics in cattle feed. In a preferred 
embodiment, such a food comprises the sphingolipid phytosphingosine. 
10 Other aspects of the present invention will become clear in the 

description below. 

DESCRIPTION OF THE FIGURES 

Fig. 1 shows the concentration and time-dependent antimicrobial 
15 activity of sphinganine and phytosphingosine against Lactobacillus 

acidophilus with (A) and without (B) bile and against Clostridium difficile 

* 

« 

with (C) and without (D) bile as described in Example 1. 

Fig. 2 shows the sphingolipid concentrations in the intestinal content 
of a fistulated pig collected at the end of the small intestine as a function of 

2 0 the time after feeding the pig with pig basic feed which contained 1 wt.% of 

phytosphingosine as described in Example 4. 

Fig. 3 shows the germ counts of the different anaerobic bacteria after 
incubation of the bacterial mixture in the TIM-2 large intestine model in the 
presence of 50 jig/ml of phytosphingosine as described in Example 5. 

25 

DETAILED DESCRIPTION OF THE INVENTION 

Sphingolipids are small lipids which occur in low concentrations in 
food and they form a small but important constituent of the cells of plants, 
animals and humans. Because sphingolipids occur naturally in humans and 

3 0 animals, an advantage of the use of sphingolipids in humans is that 
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individuals with an antibiotic allergy or a 'chemophobia' can be offered an 
important alternative for the existing (chemical) antibiotics. 

Sphingolipids are generally built up from a long sphingoid base 
(sphingosine, sphinganine, 4-hydroxysphinganine, or a related compound) 
5 as the central group of the molecule or "backbone" (see inter alia Karlsson. 
1970. Chem. Phys. Lipids, 5:6-43), which is usually modified with an 
amide -linked long-chain fatty acid and a head group. Approximately 
300 classes of sphingolipids are known, with different head groups (choline 
phosphate, glucose, galactose, polysaccharides) and with different fatty 
10 acids and sphingoid bases (see inter alia Merrill & Sweeley. 1996. New 
Comprehensive Biochemistry: Biochemistry of Lipids, Lipoproteins, and 
Membranes, (Vance, D.E. & Vance, J.E., eds.), pp. 309-338, Elsevier Science, 
Amsterdam). 

The simplest sphingolipids such as sphingosine and sphinganine are 
15 normally found in food only in very low concentrations. The richest 

sphingolipid sources are dairy products, eggs and soybeans. The most 

» 

important sphingolipids in our food are sphingomyelin (milk and eggs) and 
ceramide (meat). Fat milk mainly contains sphingomyelin, but also contains 
glucosylceramide and lactosylceramide. Potato, apple, tomato, spinach, 
2 0 paprika and rice' mainly contain cerebrosides in low concentrations. 

As far as known, sphingolipids form a non-essential constituent of our 
food; the bodies of humans and animals are able to synthesize sphingolipids. 
The sphingolipids which arrive in the gastrointestinal tract together with 
the food are hydrolyzed to inter alia sphingosine and ceramides, partly by 

2 5 the intestinal flora itself and partly by hydrolytic enzymes present in the 

gastrointestinal tract, such as alkaline and neutral sphingomyehnases and 
ceramidases. There are indications that the hydrolysis products ceramide 
and sphingosine play a key role in cell growth, cell differentiation, apoptosis 
and other important physiological processes. Despite the presence of these 

3 0 hydrolytic systems, in rats, still approximately 25% of the sphingomyelin 
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fed is found in the feces (see inter alia Nilsson. 1968. Biochim. Biophy. Acta. 
164:575-584 and Nilsson. 1969. Biochim. Biophys. Acta 187: 113-121). 

Sphingosine and sphingosine analogs are known to be able to inhibit 
the growth and metastasis of human and animal tumor cells (see for 
5 instance EP 0 381 514). It is also known that addition of sphingomyelin to 
the feed of rats can considerably reduce the chance of malignant, chemically 
induced intestinal cancer. 

Sphingolipids are also used in pharmaceutical compositions for the 
protection of skin and/or hair against the harmful effects of air pollution 

10 (see for instance US 5,869,034). 

The antimicrobial activity of sphingosine as a constituent of the 
epidermis of the skin against bacteria such as Staphylococcus aureus, 
Candida albicans and Propionibacterium acnes is known, inter alia from 
dermatology (Bibel et al. 1992. J. Invest. Dermatol. 98(3):269-73; Bibel et al. 

15 1995. Clin Exp Dermatol 20(5):395-400). The use of topical ointments for 

« 

controlling skin infections is described therein. 

However, it has now surprisingly been found that certain 
sphingolipids have a selective killing activity against microorganisms, and 
that this selective killing activity is also observed in the large intestine, so 
2 0 that a method is thus provided by which the composition of the intestinal 
flora can be modified and improved. 

In the present invention, the composition of the intestinal flora of a 
bird or a mammal is understood to mean the group structure of the 
community of microorganisms present in the gastrointestinal tract of this 

2 5 bird or of this mammal and which characteristically comprises different 

groups of microorganisms, which group structure is in a substantially stable 
condition in a substantially stable environmental condition and is 
characteristic of a certain bird or of a certain mammal. 

Herein, a group of microorganisms is understood to mean a group of 

3 0 microorganisms which can be distinguished from another group on the basis 
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of one or more specific genotypic or phenotypic characteristics. Such a group 
may comprise a taxonomic group such as a phylum, a family, a genus, a 
species or a strain, but also a group which is methodologically classified 
such as a phylogenetic cluster, a ribotype, an isolate, a serotype, or a 
5 morphotype. 

In the determination of a composition of a microbial population, the 
ratio in which the different groups are found in the population may be . 
determined, but also the proportion of a group in the population. A ratio or 
proportion may, for instance, be expressed in a cell number, but also in a 

10 weight of a cell or a cell component, such as a weight of a nucleic acid, or a 
fluorescence intensity. A skilled person will understand that the manner in 
which a composition of a microbial population is expressed depends on the 
method by which this composition is determined. 

Herein, an improvement of the intestinal flora is defined as a change 

15 of the composition of the intestinal flora of a bird or a mammal, whereby the 
proportion in the population of harmful bacteria is reduced, or as 
stabilization of the intestinal flora in a condition in which it is in balance. It 
is known to a skilled person which bacteria are generally identified as being 
healthy to the intestinal flora (e.g. Lactobacillus and Bifidobacterium spp.) 

2 0 and which bacteria are generally identified as being harmful to the 

intestinal flora (e.g. Clostridium difficile). For instance, harmful bacteria 
are associated with the development of diarrhea, infections of the 
gastrointestinal tract, liver damage and/or intestinal cancer, while healthy 
or useful bacteria are associated with inhibiting the growth of harmful 

2 5 bacteria, stimulating immunological functions, reducing problems resulting 

from distension due to gas, improving the digestion and absorption of 
nutrients and synthesizing vitamins. 

The present invention provides a method for improving the 
composition of the intestinal flora of a bird or a mammal. This method 

3 0 comprises administering, to this bird or to this mammal, including humans, 
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a pharmaceutical preparation or a food comprising a sphingolipid or a 
precursor, a derivative, or suitable salt thereof, which sphingolipid is chosen 
from the group consisting of phytosphingosine, sphingosine, 
lysosphingomyelin and sphinganine, and in which food, this sphingolipid is 
overabundant. 

The term "overabundant" or "overabundance" relates to a content of a 
constituent in a composition which is higher than would naturally or 
normally or without human intervention be present in such a composition or 
would be found therein. The overabundance of a constituent can be the 
result of the specific addition of a constituent to a composition which does 
not normally comprise this constituent, i.e. by an enrichment of this 
composition with this constituent. Overabundance of a constituent may also 
be the result of the specific addition of a constituent to a composition which 
normally already comprises this constituent, but whose concentration or 
content is increased by the addition to values which are normally not 
present in such a composition; this also involves enrichment of the 
composition with the constituent. 

Because contents of sphingolipids such as phytosphingosine, 
sphingosine, lysosphingomyelin or sphinganine greatly differ in different 
0 foods, there is no one general value for the content which will involve 
overabundance of, or enrichment with a certain sphingolipid. In, for 
instance, milk, which normally contains quite a lot of sphingomyelin, 
overabundance will occur at a higher content than in, for instance, a potato 
in which, mainly, cerebrosides are present. 

Herein, a "pharmaceutical preparation" is defined as a composition 
comprising a pharmaceutical^ active constituent and excipients, which 
composition has been made suitable for administration to the body of a bird 
or a mammal and which composition is administered for a specific 
therapeutic use. 
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A pharmaceutical preparation according to the present invention is a 
composition comprising a sphingolipid, chosen from the group consisting of 
phytosphingosine, sphingosine, lysosphingomyelin and sphinganine, as a 
pharmaceutical^ active constituent, and excipients, and which composition 
5 may be, preferably orally, administered for the improvement of the 
composition of the intestinal flora of the bird or the mammal. 

Herein, a "food" is defined as a nutritious constituent to be ingested 
orally which may be ingested independently or in addition to the normal 
food and which, in the latter form, may also be termed nutritional 
10 supplement. However, the composition of a food does not essentially differ 
from a nutritional supplement. 

In the present invention, a "nutritional supplement" is defined as a 
composition which may be consumed supplementary to the normal food and 
comprises constituents which are not, to a small extent, or to an insufficient 
15 extent found in the normal food and of which sufficient or increased 
consumption is desired. Preferably, a nutritional supplement is a 
composition suitable for human consumption which comprises sphingolipids 
in increased concentrations or in overabundance. A nutritional supplement 
according to the present invention may further have other properties 
2 0 suitable for human consumption, such as for instance texture, taste and 
smell, and, for instance, also nutritional value. A nutritional supplement 
may also be suitable for animal consumption. 

With respect to the use of sphingolipids according to embodiments of 
the present invention, the use of a suitable salt of a sphingolipid is p referred 

2 5 because the salt form strongly influences the solubility and therefore the 

rapid availability of the compound. 

Herein, a "suitable salt" is defined as a salt in which the desired 
biological activity of the sphingolipid is maintained and has minima 1 
undesired toxicological effects. Non -limiting examples of such a salt are (a) 

3 0 acid addition salts formed with inorganic acids (for instance hydrochloric 
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acid, hydrogen bromide, sulfuric acid, phosphoric acid, nitric acid, and the 
like), and salts formed with organic acids such as acetic acid, oxalic acid, 
tartaric acid, succinic acid, malic acid, ascorbic acid, benzoic acid, tannic 
acid, palmitic acid, polyglutamic acid, naphthalene sulfonic acid, 
5 naphthalene disulfonic acid and polygalacturonic acid; (b) base addition 
salts formed with metal cations such as zinc, calcium, bismuth, barium, 
magnesium, aluminum, copper, cobalt, nickel, cadmium, sodium, potassium 
and the like, or with a cation formed from ammonia, 
N,N-dibenzylethylenediamine, D -glucosamine, tetraethylammonium or 

10 ethylenediamine; or (c) combinations of (a) and (b); for instance a zinc 
tannate or the like. 

Herein, a "derivative" or "analog" is defined as a sphingolipid which 
has been subjected to chemical modification. Derivatization may comprise 
the substitution of certain chemical groups to the sphingolipid. Such 

15 derivatizations are known from the state of the art, The derivatives and 
analogs maintain the biological activity of the natural sphingolipid and 
function in a similar manner, but can offer advantages to the molecule such 
as a longer life, a resistance to decomposition or an increased activity. 

Herein, a "precursor" is defined as a derivative of which, specifically, 

2 0 the resistance against decomposition by, for instance, the digestive tract or 
other decomposition systems of the body has been increased as a result of, 
for instance, chemical modification of the molecule. Such a precursor can be 
converted by the body or in the body, for instance by enzymatic 
decomposition, to a sphingolipid chosen from the group consisting of 

25 phytosphingosine, sphingosine, lysosphingomyelin and sphinganine or a 
derivative thereof which shows selective antimicrobial activity in the 
intestine and can thus improve the composition of the intestinal flora. 

A known problem associated with the administration of sphingolipids 
is that they can be metabolized, as described hereinabove, before they reach 
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the location where they can be therapeutically active. This is particularly a 
problem for the use of sphingolipids in the digestive tract. 

This problem can be solved by administering a sphingolipid, or an 
analog or a physiological derivative thereof, alone or in combination, as a 
5 so-called precursor compound comprising certain substituents so that this 
compound cannot be metabolized or can be metabolized to a lesser extent. 
The precursors are preferably resistant to hydrolysis in the upper parts of 
the digestive tract, and are, for instance, separated relatively easily in the 
cecum and colon, if the active compound is therapeutically active mainly in 
the cecum and colon. This increases the amount of compound arriving at the 
location where the active compound is therapeutically active. For instance, a 
precursor may be used which may be separated in vivo by a suitable enzyme 
so that an active sphingolipid chosen from the group consisting of 
phytosphingosine, sphingosine, lysosphingomyelin and sphinganine is 
released. Such a method is inter alia known from WO 99/41266. A suitable 
precursor is, for instance, sphingomyelin or a derivative or a suitable salt 
thereof, which may be converted into sphingosine by, for instance, 
sphingomyelinase. 

The origin of the sphingolipids does not influence their usability for 
the present invention. For instance, phytosphingosine may be obtained from 
Pichia ciferii (see for instance US 6 204 006). Further, lysosphingomyelin 
may be obtained from, for instance, eggs after chemical or enzymatic 
hydrolysis of the N-acyl compound of sphingomyelin. In principle, any origin 
is suitable and sphingolipids may also be isolated from, for instance, milk, 
blood, meat, brains or soy for use in a food, nutritional supplement, 
pharmaceutical preparation or method according to the invention. 

Also, sphingolipids and sphingolipid derivatives, or precursors or 
suitable salts thereof which are synthetically (chemically) prepared may be 
used in the present invention. 
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Methods for preparing sphingolipids and sphingolipid derivatives are 
known from inter alia EP 0 940 409, WO 98/03529 and WO 99/50433 and a 
skilled person will be able to manufacture derivatives in a known manner 
and to test these for increased antimicrobial activity, for more selective 
5 activity, or for reduced side effects in order to obtain sphingolipid 
derivatives which may be used in the present invention. 

Certain sphingolipids, such as sphingosine, sphinganine and 
particularly sphingomyelin are already naturally present in foods which are 
eaten by many mammals. For instance, cow milk contains 100-200 nmol/ml 
10 of sphingomyelin (Zeisel et al. 1986. J. Nutr. 116:50-58), that is, 

approximately 0.01 wt.%. Sphingomyelin is the most common complex 
sphingolipid in milk, while sphingosine forms the most common free 
sphingoid base. The total amounts of sphingomyelin and sphingosine in 
milk are approximately equal. "Nonfat dry milk" contains approx. 
15 0 . 004 wt% of sphingosine . 

In soy, by contrast, the free sphingosine fraction is only, 
approximately 0.2% of the amount of sphingomyelin, which is 
approximately 500 nmol/g of dry weight, that is, 0.03-0.04 wt.% (Ahn and 
Schroeder. 2002. J Food Sci 67:522-524). Thus, not every food contains an 
2 0 equal amount of sphingolipid and not every sphingolipid is present in equal 
amounts in different foods. The amount of sphingosine naturally present in 
soybean meal (1.3 nmol/g of dry weight, that is, approx. 0.00004 wt.%; Ahn 
and Schroeder. 2002. J. Food Sci. 67:522-524) is too low to be used in a 
method according to the present invention. 
25 Thus, in order to use soybean meal as food in a method according to 

the present invention, of this soybean meal, the content of one or more 
sphingolipids chosen from the group consisting of phytosphingosine, 
sphingosine, lysosphingomyelin and sphinganine needs to be increased to a 
concentration at which, after consumption of this soybean meal by a bird or 
30 a mammal, including a human, the intestinal flora is improved by the 
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activity of this sphingolipid, or specific bacteria in this intestinal flora are 
killed by this or are at least strongly inhibited in their growth by this. For 
this purpose, one or more of these sphingolipids are to be provided in 
overabundance in this soybean meal. For this purpose, to soybean meal, a 
5 certain amount of this sphingolipid may be added, or, for instance, a 
genetically modified variant of a soy plant may be bred whose beans 
produce an increased content of this sphingolipid, after which, from these 
beans, a soybean meal having an increased content or overabundance of this 
sphingolipid can be obtained. Many methods are, in principle, suitable to 

10 make a sphingolipid overabundant in a food or provide it in overabundance. 

It was found that, on agar plates, the growth of the bacteria tested 
was already inhibited at a concentration of sphingolipid content of 20 ppm. 
It was further found that the intestinal content of a pig which was fed with 
1 wt.% (approx. 10000 ppm) of phytosphingosine in the feed could contain 

15 an amount of phytosphingosine of approx. 77 ppm/gram of dry weight at the 
end of the small intestine. Despite the decomposition of the 
phytosphingosine in the gastrointestinal tract, it is found that ample 
phytosphingosine remains for an antimicrobial activity and therefore for an 
improvement of the composition of the intestinal flora. 

2 0 The present invention relates to a food in which one ore more 

sphingolipids chosen from the group consisting of phytosphingosine, 
sphingosine, lysosphingomyelin and sphinganine, or a precursor, a 
derivative, or suitable salt thereof are overabundant. In a preferred 
embodiment, such a food comprises 0.05 to 50 wt.%, preferably 0.1 to 
25 10 wt.%, more preferably 1 to 5 wt.% of a sphingolipid chosen from the 

group consisting of phytosphingosine, sphingosine, lysosphingomyelin and 
sphinganine, or derivatives, precursors or suitable salts thereof. 

In a food according to the invention, one or more sphingolipids chosen 
from the group of phytosphingosine, sphingosine, lysosphingomyelin and 

3 0 sphinganine are, in any case, used in an effective amount to have a 
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growth-inhibiting or killing activity against the desired microorganisms in 
the intestine. 

In a preferred embodiment, a food according to the present invention 
comprises the sphingolipid phytosphingosine. 
5 If a food according to the invention is used as animal feed, the food 

may, for instance, be prepared in the form of a powder, a granule, a wafer, a 
mash, a lump, a pulp, a paste, a flake, a cake, a (lick) block, a suspension or 
a syrup. 

For administration to humans, the sphingolipid may very suitably be 
10 prepared in the form of a nutritional supplement. 

To a food and nutritional supplement comprising a sphingolipid, 
constituents which improve, for instance, the texture, taste or smell may be 
added. For instance, a food according to the invention may also comprise 
sources of protein, carbohydrate and fat, as well as vitamins, minerals, 
15 electrolytes, trace elements, and other suitable additions, such that the food 
may be used in the form of a nutritional supplement with nutritional 
constituents. 

As a source of protein, in principle, any protein suitable for use in 
food formulations and mixtures thereof may be used in a nutritional 

20 supplement according to the invention. Such proteins comprise, for instance, 
animal protein, such as whey protein, whey protein concentrate, whey 
powder, egg protein, egg albumin, casein or milk albumin, and vegetable 
protein, such as soy protein, soybean meal or protein from soymilk. For the 
choice of the pi-otein source, the biological value of the protein can be an 

25 important criterion, with, for instance, casemate, including calcium 

caseinate, but also whey, milk albumin, egg albumin and whole egg proteins 
being among the proteins with the highest biological value, because they 
contain a high content of essential amino acids. 

Suitable carbohydrates for use in a nutritional supplement according 

30 to the invention comprise, for instance, simple short-chain carbohydrates 
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such as mono and disaccharides but also polysaccharides, or a combination 
thereof. A sugar may be chosen because of desired organoleptic properties. A 
complex polysaccharide may, for instance, be suitably used as dietary fiber. 
In certain embodiments, a food supplement according to the invention may 
5 also comprise combinations of complex and simple carbohydrates. 

As (additional) fats, in principle, all possible fats and oils suitable for 

consumption may be used. 

Vitamins and minerals may, for instance, be added to the nutritional 
supplement in accordance with applicable rules of health authorities and 
10 may comprise all vitamins and minerals recommended by these bodies, such 
as vitamins A, Bl, B2, B12, folic acid, niacin, panthotenic acid, biotin, C, D, 
E and K. As minerals, for instance, iron, zinc, iodine, calcium, magnesium, 
chrome and selenium may be added. 

Electrolytes such as sodium, potassium and chlorides, and trace 
15 elements and other additions may also be comprised in a nutritional 

* 

. supplement according to the invention and are, if present therein, 

■ 

preferably used in the amounts recommended for these substances. A 
nutritional supplement according to the invention may further comprise 
constituents such as texture-improving constituents, colorings, aromatic 
2 0 substances, flavorings, spices, fillers, emulsifiers, stabilizers, preservatives, 
antioxidants, dietary fibers, and other nutritional supplements such as 
amino acids, choline, lecithin, fatty acids, etc. The choice for such 
constituents is a matter of formulation, design and preference. The amounts 
of such constituents which can be added are known to a skilled person, 

25 while the choice may, for instance, be guided by the recommended daily 
amounts (RDA doses) for children and adults. 

Emulsifiers may be added for stability of the final product. Examples 
of suitable emulsifiers comprise, for instance, lecithin (e.g. from egg or soy) 
and/or mono and diglycerides. As stabilizers, for instance, carob, guar and 

30 carrageen gum may be used. 
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Preservatives may also be added to prolong the storage life of the 
product. Preferably, preservatives such as potassium sorbate, sodium 
sorbate, potassium benzoate, sodium benzoate or calcium disodium EDTA 
are used. 

5 In addition to the above carbohydrates, the nutritional supplement 

may comprise natural or synthetic sweeteners such as saccharides, 
cyclamates, aspartamine, aspartame, acesulfame K and/or sorbitol. 

Doses for ingestion of the nutritional supplement may vary in size 
and are not limited to the values corresponding to the recommended 
10 amounts. Herein, the term "nutritional supplement" is not intended to be 
limited to a specific weight or specific dose of the nutritional supplement. 

A composition of a nutritional supplement according to the invention 
may, in principle, have any form suitable for consumption by humans or 
animals A suitable embodiment is a composition in the form of a dry 
15 powder which may be suspended, dispersed or emulsified in an aqueous 

liquid such as water, coffee, tea, broth or fruit juice. For this purpose, such a 
powder may be provided in a unit dose package. 

In an alternative preferred embodiment, the composition is tabletted 
in the form of a dry powder. For this purpose, a composition for a nutritional 

to 

2 0 supplement according to the invention may very suitably be provided with 
fillers, such as microcrystalline cellulose (MCC) and mannitol, binding 
agent, such as hydroxypropyl cellulose (HPC), and lubricants, such as 

stearic acid or other excipients. 

A composition of a nutritional supplement according to the invention 
25 may also be provided in a liquid preparation in which the solid constituents 
are suspended, dispersed or emulsified in an aqueous liquid. Such a 
composition may be mixed directly into another food or may, for instance, be 
extruded and be processed to granules or other forms. 

In an alternative embodiment, a nutritional supplement may be 
3 o designed in the form of a solid food, such as a bar, cookie or a roll. 



WO 2004/064819 PCT/NL2004/000046 

16 

In a pharmaceutical preparation or a nutritional supplement which, 
can be used in a method according to the present invention, one ore more 
sphingolipids chosen from the group of phytosphingosine, sphingosine, 
lysosphingomyelin and sphinganine can be used in a pharmaceutically 
effective amount to have a killin g activity against the desired 
microorganisms and to improve the composition of the intestinal flora. 

A pharmaceutically effective amount in a pharmaceutical is the 
amount in that pharmaceutical which results in an effective concentration 
of, for instance, active phytosphingosine in the intestine of 10 to 50 ppm. 

In a pharmaceutical, or in a food or nutritional supplement, the 
sphingolipid can very suitably be used as a precursor so that the effective 
amount of the active form of the sphingolipid which can reach the intestine 
is increased. 

A pharmaceutical preparation which can be used in a method 
according to the invention may very suitably comprise 0.01 to 99.9 wt.% of a 
sphingolipid chosen from the group consisting of phytosphingosine, 
sphingosine, lysosphingomyelin and sphinganine. Preferably, a 
pharmaceutical composition comprises one or more sphingolipids chosen 
from the group of phytosphingosine, sphingosine, lysosphingomyelin and 
sphinganine, or a precursor, a derivative or a (pharmaceutically) suitable 
salt thereof in an amount of 0.01 to 10 wt.%, more preferably of 0.1 to 
1 wt.%, and one or more excipients. 

Preferably, a pharmaceutical composition according to the invention 
is intended for or directed to oral administration. Compositions for oral 
administration will usually comprise an inert diluent or an edible carrier. 
The compositions may be packaged in, for instance, gelatin capsules or may 
be tabletted in the form of tablets. For oral therapeutic administration, the 
active compound may be administered with excipients and, for instance, 

* 

used in the form of tablets, pastilles or capsules. Pharmaceutically suitable 
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binding agents and/or adjuvants may also be added as constituents of the 
composition. 

The tablets, pills, pastilles, capsules and the like may comprise any of 
the following constituents or similar compounds: a filler such as 
5 microcrystalline cellulose (MCC) or mannitol; a binding agent such as 

hydroxypropyl cellulose (HPC), tragacanth gum or gelatin; an excipient such 
as starch or lactose; a disintegrating agent such as alginate or corn starch; a 
lubricant such as magnesium stearate, a sweetener such as sucrose or 
saccharose; or a flavoring such as peppermint or methyl salicylic acid. When 

10 a dosage form in the form of a capsule is used, it may comprise, in addition 
to the above constituents, a liquid carrier such as oil. Further, the dosage 
forms may be designed with, for instance, coating layers from sugar, shellac 
or other agents. The constituents of the pharmaceutical composition are 
preferably chosen such that they do not reduce the desired activity of the 

15 sphingolipid. 

For an oral pharmaceutical, one or more sphingolipids or derivatives 
or (pharmaceutical^) suitable salts thereof may also be administered in the 
form of, for instance, an elixir, a suspension, a syrup, a wafer or a chewing 
gum. 

2 0 In a third aspect, the present invention relates to the use of a 

sphingolipid chosen from the group consisting of phytosphingosine, 
sphingosine, lysosphingomyelin and sphinganine, for the preparation of a 
medicine for the improvement of the composition of the intestinal flora. 

This aspect of the invention has its basis in the selective character of 

25 the bactericidal activity of the sphingolipids according to the invention in 

the intestine. The selective killing of certain types of microorganisms makes 
a sphingolipid, used according to this aspect of the invention, eminently 
suitable to improve the intestinal flora. 

In the present invention, improving the intestinal flora is understood 

30 to mean the selective killing or inhibiting of microorganisms in the intestine 
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which axe harmful or undesired or non-essential to intestinal health, such 
that the microorganisms which are useful, desired and essential for a proper 
functioning of the intestinal flora are not affected, and where, due to the 
killing of these microorganisms, the (species) composition of the intestinal 
5 flora is modified in a desired direction. In addition to a bactericidal activity 
of the sphingolipid, in the present invention, also, a bacteriostatic activity of 
the sphingolipid is provided. 

Thus, by using a sphingolipid according to the invention, the presence 
of C, difficile can be controlled, while the presence of Lactobacillus species, 
10 which are generally identified as useful organisms in the intestine, is not 
affected. 

Further, the presence of, for instance, certain Gram-positive bacterial 
species in the intestinal flora can be reduced by use of a pharmaceutical 
composition or a food or nutritional supplement according to the invention. 
15 This allows the promotion of the growth of certain animals without 
antibiotics needing to be used: 

In a fourth aspect, the present invention relates to a method for 
preparing a food or nutritional supplement according to the invention, 
comprising incorporating a sphingolipid chosen from the group consisting of 
20 phytosphingosine, sphingosine, lysosphingomyelin and sphinganine, or a 
precursor or a derivative thereof into a food or nutritional supplement. 

In a method for preparing a food according to the invention, the food 
can first be prepared separately and then be combined with a sphingolipid 
in order to obtain a food according to the invention, with this sphingolipid 
25 being incorporated into the food. The food can be separately prepared in 
advance in known manners such as mixing, frying, deep-frying, cooking, 
steaming, roasting or poaching and can be cooled down, if necessary, before 
combining it with a sphingolipid in order to obtain a food according to the 
invention. According to another usable embodiment, during the preparation 
3 0 of the food, a sphingolipid is incorporated therein as a constituent. 
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To normal foods such as milk or soymeal, sphingolipids may also be 
added in order to obtain a food according to the invention. For this purpose, 
sphingolipids may, for instance, be purified from such foods and these 
purified sphingolipid preparations may be used for preparing a food 
according to the invention. 

Transgenic crops or genetically modified organisms may also very 
suitably be used for increasing the natural content of sphingolipids in 
certain food crops or foods which are used in embodiments according to the 
invention or serve as sources for sphingolipid to be purified from them. 

A method for the preparation of a medicine or pharmaceutical which 
can be used for improvement of the composition of the intestinal flora 
comprises, for instance, mixing the constituents and tabletting the mixture, 
optionally followed by coating the tablets thus obtained. The preparation of 
medicines which are dosed by means of alternative administration forms is 
known to a skilled person. On the basis of the present description, a skilled 
person is also able to formulate a method for the preparation of a nutritional 
supplement. Such a method will comprise, for instance, the steps of mixing 
the ingredients and dosing the composition thus obtained. 

The amount of sphingolipid which is incorporated into a food 
0 according to the invention depends on the type of sphingolipid and on the 
use which is provided, and a skilled person will be able to determine this 
amount in the light of the present description. 

A very suitable concentration in the intestine for improving the 
composition of the intestinal flora according to the present invention is a 
5 concentration of sphingolipid of 10-50 ppm. With such concentrations, a very 
effective and selective killing of specific species of bacteria can be achieved. 
The use according to the invention provides improvement of the intestinal 
flora, promotion of the intestinal health and control of intestinal infections. 
Preferably, the use of the present application is directed to modifying 
0 bacterial populations by administering a sphingolipid as defined 
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hereinabove, for instance as antibiotic in food or in medicaments to 
maintain or obtain a balance in the intestinal flora. 

The invention will now be illustrated in and by the following 
examples, which are not to be understood as being limitative. 

5 

EXAMPLES 

Example 1. Antimicrobial activity of sphingolipids 

The antimicrobial activity of phytosphingosine, sphingomyelin, 

10 sphinganine acetate, sphingosine, glucosylceramide III and • 

lysosphingomyelin was tested on agar plates, in liquid cultures, in the small 
intestine model TIM-I and in the large intestine model TIM-2 (EP 0 642 382 
and US 5,525,305). 

The agar plates were prepared by dissolving or suspending the dry 

15 material in water and, after sterilization, pouring the agar out in Petri 
dishes according to standard procedures. The following media were used: 
Brain Heart Infusion Broth (BHI; Oxoid CM 225), Clostridium difficile Agar 
(DFA; Oxoid CM 601 + SR 96), De Man-Rogosa-Sharpe Broth (MRS; Oxoid 
CM 359), De Man-Rogosa-SharpeAgar (MRSA; Oxoid CM 361), Plate Count 

2 0 Agar (PCA; Oxoid CM 325), Reinforced Clostridial Broth (RCB; Oxoid CM 

149), Rogosa Agar (Oxoid CM 627), Trypton Soy Agar (TSA; Oxoid CM 131). 

Reinforced Clostridial Blood Agar (RCBA) was prepared by 
suspending 52.5 g of Reinforced Clostridial Agar (RCA; Oxoid CM 151) and 
5 g of glucose in 850 ml of demineralized water. The suspension was 
25 autoclaved for 15 min at 121°C. After cooling down to approximately 50°C, 
an amount of 75 ml of sterile horse blood (Oxoid SR 50) and 75 ml of a 
sterile 0.4% (w/v) China blue solution were added. The agar solution was 
poured into Petri dishes according to standard procedures. 

In a first preliminary investigation, the sphingolipids were used to 

3 0 determine their antimicrobial activity on agar plates. For this purpose, TSA, 
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MRSA and RCBA agar plates were spirally loaded with ethanol solutions of 
the sphingolipids in such a manner that the concentration as a function of 
the location on the plate changed from high on the outside of the plates to 
low in the center of the plates. 

5 By applying liquid cultures of the bacteria, grown in BHI, MRS or 

RGB, having known cell densities (approx. 4 x 10 8 colony-forming units 
[CFU]) from the edge of the plate and streaking them towards the center of 
the plate (like spokes in a wheel), the "minimal inhibiting concentration" 
(MIC) could be determined on the basis of the location on the agar plate 
10 where no bacterial growth occurred anymore and the corresponding 
concentration of sphingolipid. 

The following bacteria were grown in BHI and streaked on TSA 
plates: Escherichia coli 0157:H7, Salmonella enteritidis, Listeria 
monocytogenes, Bacillus cereus, Streptococcus suis type 2 and Pseudomonas 

1 5 aeruginosa. 

The following lactic acid bacteria were grown in MRS and streaked on 
MRSA plates: Leuconostoc carnosum, Lactobacillus sake, Lactobacillus 
acidophilus, Lactobacillus casei and Enterococcus hirae. 

The following anaerobic bacteria were grown in RCB and streaked on 
20 RCBA plates: Bifidobacterium adolescentis, Bifidobacterium spp., 

Fusobacterium nucleatum, Clostridium per fringens, Clostridium spp., 
Clostridium difficile and Bacteroides fragilis. 

The PCA plates loaded with sphingolipids and bacteria were 
aerobically incubated for 48 hours at 30°C and the MRSA and RCBA plates 
25 were incubated under anaerobic conditions for 72 hours at 30°C. 

Table 1 shows the MIC values (in u.g/ml) of the sphingolipids 
tested, for the aerobic and anaerobic bacteria. None of the Gram-negative 
bacteria (E. coli 0157:H7, S. enteritidis and P. aeruginosa) were inhibited by 
the sphingolipids. L. monocytogenes, B. cereus, S. suis type 2, L. carnosum, 
30 B. adolescentis and C. difficile were inhibited by all sphingolipids already at 
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the lowest concentrations (0.3-6.4 jig/ml), except by sphingomyelin and 
glucosylceramide III, which do not inhibit any of the bacteria tested. The 
antimicrobial activity of the sphingolipids decreases from phytosphingosine 
> sphingosine > lysosphingomyelin = sphinganine. 



5 

Table 1: The MIC values (|ig/ml) of sphingolipids for Gram -negative, 
Gram-positive and anaerobic Gram-positive bacteria. 



Bacterium 


Phyto- 
sphingo- 
sine 


Sphingo- 
sine 


Lyso- 
sphingo- 
myelin 


Sphinganine 


Glucosyl- 
ceramide 

in 


Sphingo- 
myelin 


Control 
(ethanol) 


K coli 0157:H7 


>731 


>731 


>365 


>731 


>365 


>731 


growth 


S. enteritidis 


>731 


>731 


>365 


>731 


>365 


>731 


growth 


P. aeruginosa 


>731 


>731 


>365 


>731 


>365 


>731 


growth 


L. monocytogenes 


6.3 


<6.3 


<3.1 


<6.3 


>365 


>731 


growth 


S. suis type 2 


6.3 


<6.3 


<3.1 


<6.3 


>365 


>731 


growth 


B. cereus 


6.3 


<6.3 


<3.1 


<6.3 


>365 


>731 


growth 


L. carnosum 


<0.3 


<6.3 


<3.1 


<0.3 


>365 


>731 


growth 


L. sake 


2.2 


<6.3 


20 


>70 


>365 


>731 


growth 


L. acidophilus 


>36.5 


<6.3 


16.6 


222 


>365 


>731 


growth 


L. casei 


>36.5 


<6.3 


>365 


246 


>365 


>731 


growth 


E. hirae 


>36.5 


84 


>365 


>731 


>365 


>731 


growth 


B. adolescentis 


8.0 


<6.3 


<3.1 


>73 


>365 


>731 


growth 


Bif. spp. 


0.9 


<6.3 


10 


0.9 


>365 


>731 


growth 


F. nucleatum 


<6.3 


<6.3 


>365 


>731 


>365 


>731 


growth 


B. fragilis 


2.1 


<6.3 


11.4 


0.3 


>365 


>731 


growth 


C. perfringens 


5.9 


n.d. 


n.d. 


>36.5 


n.d. 


n.d. 


no 

growth 


C. difficile 


5.7 


n.d. 


n.d. 


>73 


n.d. 


n.d. 


growth 


C. spp. 


1.1 


<6.3 


<3.1 


>73 


>365 


>731 


growth 



Because, on agar plates, bacteria are exposed to the sphingolipids 
10 much longer than if they were present in the intestine, some antimicrobial 
tests were repeated in liquid media and the numbers of surviving anaerobic 
bacteria (Lactobacillus acidophilis and Clostridium difficile) as a function of 
the exposure time were determined. 
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For this purpose, the bacteria were first grown to a known cell 
density in separate media and subsequently diluted to 4.7 CFU/ml in ileum 
medium (25 g/1 of D-glucose, 1.5 g/1 of peptone (Oxoid L 41), 60 mmol/1 of 
NaHC03, 6 g/1 of NaCl, 0.7 g/1 of KH2P04, 0.3 g/1 of NaH2P04, 0.15 g/1 of 
5 egg lysozyme (Sigma L6876), 1.25 g/1 of pancreatin (Sigma P1500), 0.75 g/1 
of agar and optionally pig bile extract (1.5 g/1; see experiments, Sigma 
B8631). A culture medium was chosen which simulates the contents of the 
ileum (end of the small intestine, just before the large intestine) with 
respect to the composition. The medium contained inter alia glucose, 

10 peptone, sodium bicarbonate, phosphate salts, egg lysozyme and pancreatin. 

In special cases, also, a pig bile extract was added, although, 
normally, in the ileum, the bile has already been removed. During the 
experiments in the presence of phytosphingosine and sphinganine, after 1, 3 
and 6 hours of incubation, the number of surviving microorganisms was 

15 determined by removing bacterial samples of equal volume from the 

medium and grafting them on separate plates. The number of anaerobically 
surviving colonies after 2 or 3 days at 37 °C was taken as a measure for the 
killing of the bacteria by the sphingolipids. Fig. 1 shows the development of 
the numbers of surviving colonies in time after addition of phytosphingosine 

2 0 or sphinganine (each at 2.5, 10 and 50 |ig/ml). 

It was found that bile is lethal to both bacteria and no extra 
bactericidal effect of the sphingolipids can be measured at concentrations to 
50 |xg/ml. 

In the absence of bile in the ileum medium, within 200 minutes, 
25 Lactobacillus acidophilus and Clostridium difficile were virtually completely 
killed both by phytosphingosine and by sphinganine at concentrations of 10 
and 50 p.g/ml. Remarkably, without sphingolipids (controls), the number of 
surviving bacteria in the ileum medium also slowly decreases. Due to an 
unknown cause, sphinganine has a much higher MIC value for 
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Lactobacillus acidophilus on agar plates (see Table 1) than in an anaerobic 
liquid medium. 

Example 2. Intestinal transport of phvtosphingosine and sphinganine. 
5 Because the sphingolipids need to be transported together with the 

food to the small and large intestines to be able to be active there, the 
transport of phytosphingosine and sphinganine in the stomach and small 
intestine model TIM-1 was tested. Also, the transport of phytosphingosine 
in a fistulated pig was tested after the animal had been fed with feed 
10 containing phytosphingosine (1 wt.%). In a fistulated pig, the small 

intestine is uncoupled from the large intestine so that the digested feed at 
the end of the small intestine can be collected. 

Both in the TIM-1 model and in the in vivo pig model, the 
sphingolipids were transported in amounts sufficient to be able to have an 
15 antimicrobial activity in the large intestine. 

On agar plates, as described in Example 1, Gram-negative bacteria 
are insensitive to sphingolipids, but, in those conditions, Gram -positive 
bacteria are killed only by phytosphingosine, sphingosine, sphinganine and 
lysosphingomyelin. Depending on the sphingblipid and the bacterium, the 
0 typical effective doses are between 0.3 and 20 |ng/ml. These concentrations 
are comparable to those used of current antibiotics. In liquid cultures, 
Clostridium difficile and Lactobacillus acidophilus are for the larger part 
killed within 200 minutes by phytosphingosine and sphinganine (at a 
concentration of 50 ppm). In the TIM-2 large intestine model, Clostridium 
5 difficile was killed a factor of 10 to 100 more rapidly than the other 
anaerobic bacteria present. 

The addition of sphingolipids (to 1 wt.%) to the feed of rats had the 
result that the total cholesterol content in the blood plasma was reduced by 
30% compared to the control group (Vesper et al. 1999. J. Nutr. 129, 1239- 
0 1250). A high cholesterol content is known to be one of the risk factors for 
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atherosclerosis. No increase in weight due the addition of the extra 
sphingolipid to the feed could be measured. 

It was found that a fistulated pig which received feed with 1 wt.% of 
phytosphingosine remained healthy and that the intestinal contents at the 
5 end of the small intestine contained sufficient phytosphingosine to be able 
to kill Clostridium difficile in the large intestine. 

Exam ple 3. Antimicrobial activity and transport of phytosphingosine and 

Spbinprarnn e in TIM-1 

l o Antimicrobial activity in TIM - 1 

Since phytosphingosine and sphinganine have a strong antimicrobial 
activity on plate and in liquid cultures, the experiments were repeated in 
the small intestine model TIM-1, using 20 ng/ml of sphingolipid in the 
presence of Lactobacillus acidophilus (on Rogosa agar plates) and 

15 Clostridium difficile (on Clostridium difficile agar). After plating the lumen 
samples on the respective agar plates, there appeared to be no demonstrable 

» 

antimicrobial activity. 

Probably due to the lumen composition (other lipids, proteins, protein 
fragments and cholic acids) or due to adsorption to the TIM-1 system itself 
2 0 (see below), the sphingolipids are freely available in concentrations too low 
to be antimicrobially active. But the sphingolipids are transported in the 
TIM-1 system to a sufficient extent (see below). 

* 

Transport 

2 5 To investigate whether sphingolipids from the food are transported 

through the small intestine without being absorbed or being chemically or 
enzymatically modified in the small intestine, phytosphingosine and 
sphinganine were mixed in a standard Tim-1 food and exposed to a TIM-1 
treatment. Of each sphingolipid, 5 mg per 100 grams of food (0.005 wt.%) in 

3 0 the food were tested. After starting the TIM-1 digestion processes in the 
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TIM-1 stomach, at the fixed times, lumen samples of 100 grams were taken. 
Also, dialysate samples were taken from the material which was 
transported through the semi-permeable TIM-1 membrane. The dialysate 
samples varied between 1428 and 1122 grams. Table 2 shows sphingolipid 
5 concentrations in the different samples as they were determined by means 
of LC-MS. Next to the samples, the exposure time in minutes is given. 

The TIM-1 membrane used was found to be impermeable to the 
sphingolipids while both sphingolipids were adequately transported through 
the system. A rough mass balance (sum of volume x concentrations) shows 
10 that only approx. 20% of the phytosphingosine and sphinganine used was 
found in the samples. A possible explanation may be that the sphingolipids 
adsorb to the plastic of the semi-permeable membranes and to the hoses of 
the TIM-1 model. This is a known phenomenon in TIM-1 studies with other 
hydrophobic substances such as carotenoids. 



Table 2: Concentrations 6i sphingolipids in the different TIM-1 
compartments during the TIM-1 digestion process 



TIM-1 sample 


Phytosphingosine (ug/ml) 


Sphinganine (ug/ml) 


Food 


5.19 


19.36 


Lumen jejunum 60' 


1.47 


8.75 


Lumen jejunum 120' 


1.79 


11.51 


Lumen jejunum 180' 


3.41 


12.47 


Lumen jejunum 240* 


4.10 


10.46 


Dialysate jejunum 0-120 1 


0 


0 


Dialysate jejunum 120-240' 


0 


0 


Lumen ileum 60 1 


0.20 


0.74 


Lumen ileum 120 1 


2.23 


4.52 


Lumen ileum 180' 


2.22 


5.30 


Lumen ileum 240' 


1.96 


7.91 


Dialysate ileum 0- 120' 


0 


0 


Dialysate ileum 120-240' 


0 


0 


Residue stomach/duodenum + 
dialysis fluid 


1.03 


2.73 


Residue jejunum/ileum + 


3.32 


8.62 
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dialysis fluid j 

Example 4. Transport of phytosphingosine in a fistulated pig 

To investigate in an in vivo system whether sphingolipids from the 
food do actually arrive in the large intestine and are not prematurely 
5 absorbed or metabolized, pig basic feed to which phytosphingosine (1 wt.%) 
was added was fed to a fistulated pig. 

The feed was prepared by mixing a solution of phytosphingosine in 
ethanol with the feed and drying it in vacuo. Every hour, the intestinal 
content (chymus) at the end of the small intestine was separately collected 

10 and frozen dry. The dry intestinal contents were then extracted with 

chloroform/methanol (2:1, v/v). The extracts were then filtered over glass 
wool and evaporated under a nitrogen flow. The residues were examined for 
the presence of phytosphingosine, sphingosine, sphinganine and 
sphingomyelin by means of LC-MS. 

15 Fig. 2 shows the amounts of the sphingolipids present in the 

intestinal contents in micrograms per gram of dry weight of the sample. 

No sphingosine could be demonstrated in the intestinal contents. 
Phytosphingosine leaves the small intestine from two hours after feeding, 
with a maximum of 76 |ag/g of dry intestinal contents after 9 hours. 

2 0 Remarkably, in addition to phytosphingosine, also, small amounts of 

sphinganine and larger amounts of sphingomyelin are present in the 
intestinal contents at the end of the small intestine. These latter 
2 sphingolipids are probably already naturally present in the food. 
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F,yg>™p1ft fi. Antimicrobi al activity of phvtosp VnnftnsiTie in TIM -2 

Clostridium difficile is often found in the large intestine in hu ma ns 
and animals and causes diarrhea. To a standard TIM-2 food, a mixture of 
the following bacteria was added: Bifidobacterium (Log germ count 8.8), 

5 Bacteroides (Log germ count 9.7), sulfite -reducing Clostridia (Log germ count 

- •. 

6.6), Enterococcus (Log germ count 8.7), Lactobacillus (Log germ count 8.5) 
and Enterobacteriaceae (Log germ count 6.6) (see starting values Figure 3). 

At point in time t=0, Clostridium difficile was added to an amount of 
approximately 5.75 log of CFU/ml. After mixing, phytosphingosine was 

10 introduced into the TIM-2 system in two concentrations (10 and 50 ng/ml). 
At points in time 0, 12, and 24 hours, samples were taken which were 
diluted and plated on agar plates selective for each bacterium (see above for 
the selective plates). The number of colonies of each bacterial strain was 
taken as a measure for the bacterial concentration in TIM-2. At 10 ixg/ml of 

15 phytosphingosine, no significant killing of C. difficile or of other bacteria 

took place. At 50 fig/ml, a rapid and selective 550-fold decrease of C. difficile 

4 

can be seen within 12 hours. The numbers of other bacteria decrease much 
less. Bifidobacterium decreases by a factor of 55, Bacteroides by a factor of 
10, sulfite -reducing Clostridium by a factor of 36, Enterococcus by a factor of 

2 0 5, Lactobacillus by a factor of 24 and the Enterobacteriaceae decrease by a 

factor of 77. Fig. 3 shows the logarithmic germ counts as a function of the 
exposure time. Germ counts lower than 3 log CFU/ml are, in practice, 
virtually always considered 0 because such low germ counts can no longer 
be properly determined. 

25 

Conclusion of the experiments 

The results of the above-described tests show that, on agar plates, 
phytosphingosine, sphinganine, sphingosine and lysosphingomyelin have a 
strong antimicrobial activity against Gram -positive bacteria. 

3 0 Phytosphingosine and sphinganine also have a strong antimicrobial activity 
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in liquid cultures. In the TIM-2 large intestine model, phytosphingosine has 
a selective antimicrobial activity against Clostridium difficile, which causes 
diarrhea. In the stomach/small intestine model TIM-1, both sphinganine 
and phytosphingosine are transported to the large intestine to a sufficient 
5 extent to be able to be antimicrobially active there. Also in a pig, sufficient 
phytosphingosine from the feed was secreted at the end of the small 
intestine to be able to have the desired activity in the large intestine. 



